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THERE have been isolated in these laborator~ies from soil 
organic matter since this work was begun a large number of com- 
pounds which are so varied in their composition, properties, and 
origin, that they may be said to cover fairly well the principal 
classes of compounds encountered in other lines of biochemistry, 
and therefore the knowledge in regard to the chemical relation- 
ship, origin and processes of change accumulated in such other 
lines can be directly applied to the understanding of the biochemi- 
cal changes in soils and the constitution of soil organic matter. 
Previous to these investigations the only organic soil compounds 
mentioned are the mythical humic acid, ulmic acid, geic acid, 
crenic acid, apocrenic acid, humin and ulmin, all of which are 
shown to be complex mixtures and therefore non-existent. 

Of the compounds thus far isolated, some contain only 
carbon and hydrogen; some carbon, hydrogen and oxygen; some 
carbon, hydrogen, oxygen and nitrogen; and some carbon, hydro- 
gen, oxygen, nitrogen and phosphorus. These compounds fall 
into the following classes: ( I )  Paraffin hydrocarbons, repre- 
sented by hentriacontane; (2) hydroxy-fatty acids represented 
by ~-monohydroxystearic acid and dihydroxystearic acid; (3) 
organic acids of unknown constitution, represented by agroceric 
acid, parat~nic acid, l~qnoceric acid, and a number of resin acids; 
(4) esters and alcohols, represented by agrosterol,, phytosterol, 
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glycerides of fatty acids, and resin esters; (5) carbohydrates, 
represented by pentosans and pentose sugars; (6) hexone bases, 
represented by histidlne and arginine; (7) pyrimidine derivatives, 
represented by cytosine; (8) pttrine bases, represented by ran- 
thine and hypoxanthine; (9) pyridine derivatives, represented by 
picoline carbo.*'ylic acid. 

In addition to those here mentioned, a number of others are 
already isolated and will be reported upon in later publications 
from this laboratory. The methods by which the above com- 
pounds were obtained and the full description of their chemical 
properties have been given elsewhere? It is obvious that definite 
chemical information of this kind sheds much light upon the 
nature of soil organic matter and the processes going on in soils. 

While the work along the lines already laid down in the 
isolation and identification of definite soil constituents was pro- 
gressing, it seemed desirable, if not imperative, that an idea 
be gained of the extent to which such constituents are distributed 
in the soils of the United States. Having found a compound in 
one or two soils and devised a method for its isolation and 
identification, the question naturally arises: Is this compound 
peculiar to the soil from which it has been isolated or is it a 
general soil constituent? Does it appear in one and the same 
soil under all conditions or is it the result of special treatments 
or crop practices, etc.? It is obviously of the greatest impor- 
tance to know under what soil conditions and in what soils or 
class of soils any particular compound or  group of compounds 
exists inorder that a true and comprehensive view of soil organic 
matter in these soils can be obtained. Such information is neces- 
sary for a Well-balanced opinion on the nature of soil organic 
matter in general, and a thorough recognition of the abnormal 
characteristics of certain soil organic matter, that is. an ability 
to distinguish between what is normal and what is abhormal. 
A survey of a large number of soils from widely different regions 
was therefore made and a method devised for such examination. 

This method consisted in the co-ordination of the separate 

1The Isolation of Harmful Organic Substances from Soils, by Oswald 
Schreiner and Edmund C. Shorey, Bul. 53, Bureau of Soils, U. S. Dept. 
Agrie. (19o9). The Chemical Nature cff Soil Organic Matter, by Oswald 
Schreiner and Edmund C. Shorey, Bul. 74, Bureau of Soils, U. S. Dept. 
Agric. (19Io). 
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methods used in isolating these compounds, so as to form a more 
or less rigid scheme of procedure for treating a relatively small 
amount of soil. The investigation methods naturally involved 
the use of very large amounts of soil, sometimes many hundred 
pounds, amounts too large for practical handling of so extensive 
a survey as was contemplated in this work. A further motive 
in formulating a rigid scheme of examination applied to a 
reasonably small sample of soil was to encourage such work 
among other investigators and students of soil with a view to 
extending this' work over a larger area with a greatly increased 
force, to  the end that a most comprehensive survey of the 
occurrence of such constituents in soil may be had and that 
exact knowledge of the nature of organic matter in soils might 
be increased and stimulated. 

The method employed in separating the compounds from 
the soils was essentially the same as that schematically repre- 
sented in an earlier article in this JOURNAL. ~ 

The results obtained on a number of samples from different 
localities by the application of the scheme outlined for the 
separation and identification Of definite organic constituents in 
the soils are  briefly given in the following paragraphs, the 
soils being grouped by States in which the samples were col- 
lected. 

Maine.---Two samples of Orono clay from the vicinity of 
Oldtown, Me. In both samples were found pentosans, xanthine, 
and histidine and in one of the samples there was found in addi- 
tion hypoxanthine. 

Massachusetts.--Five samples from various parts of Boston 
Common, Boston, Mass. All of the samples showed the presence 
of pentosans, cytosine, hypoxanthine, and dihydroxystearic acid. 

New York.---A sample of Volusia silt loam from Ontario 
County, N. Y., showed the presence in the surface soil of pen- 
tosans, cytosine, and histidine, and in the sample of subsoil there 
was found in addition to these compounds, hypoxanthine and 
dihydroxystearic acid. 

A sample of Clyde loam from Orleans County, N. Y., con- 
tained in the surface soil pentosans, pentose sugars, histidine, 

' Schreiner and Shorey, JOURNAL OF THE FRANKLIN INSTITUTE, clxxi, 
295~(i9ii). See especially Buls. 53, 74, and 80 of the Bureau of Soils for 
details. 
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cytosine, hypoxanthine and dihydroxystearic acid. The sample 
of subsoil showed in addition to the above compounds the pres- 
ence of xanthine. 

The examination of a sample of muck soil from Orleans 
County, N. Y., showed in upper as well as lower layers of the 
nmck the presence of pentosans, pentose sugars and histidine. 

Pennsylvania..--A sample of Chester .silt loam from the 
vicinity of Philadelphia, Pa., showed the presence of agroceric 
acid, pentosans, cytosine, arginine, xanthine, hypoxanthine, and 
dihydroxystearic acid. 

A sample of Frankstown stony loam from Bedford County, 
Pa., contained in the surface soil pentosans, pentose sugars, 
histidine, and dihydroxystearic acid. The sample of subsoil, 
however, did not show the presence of dihydroxystearic acid, but 
did show the presence of the other compounds found in the 
surface soil. 

Maryland.--In a sample of Elkton silt loam from the vicinity 
of Easton, Md., was found paraffinic acid, a-monohydroxystearic 
acid, pentosans, xanthine, and dihydroxystearic acid. 

West Virginia.--Samples of both surface and subsoil of De- 
kalb silt loam from the vicinity of Ravenwood, W. Va., showed 
the presence of pentosans, pentose sugars, and histidine. 

Kentucky.--A sample of Clarksville silt loam from the vicin- 
ity of Broadhead, Ky., on examination showed the presence of 
pentosans, pentose sugars, histidine and dihydroxystearic acid 
in the surface soil. In the subsoil the same compounds were 
found with the exception of dihydroxystearic acid. 

North Carolina.--Investigations conducted on a peat soil 
from the region bordering Lake Mattamuskeet, N. C., revealed 
the presence of hentriacontane, lignoceric acid, phytosterol, sev- 
eral resin acids and resin esters. 

Mississippi.--Investigation of a sample of Houston clay 
from Noxuluo County, Miss., showed it to contain histidine and 
arginine. 

Texas.--A sample of Amarilla silt loam from Sherman 
County, Tex., showed the presence of pentosans, pentose sugars, 
and histidine in both surface and subsoil. 

North Dakota.--A sample of Marshall clay from Fargo, 
N. D., under investigation, showed the presence of agrosterol, 
agroceric acid, xanthine and hypoxanthine. 
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In discussing the foregoing results it is not intended to dwell 
upon the origin of these substances in the soils examined. Suf- 
fice it, therefore, to merely recall here the facts more fully dis- 
cussed in the earlier papers cited that soil organic matter Consists 
of the debris of all plant and animal residues and that the 
individual constituents of soil organic matter comprise: ( I )  The 
accumulated substances not readily subject to change, existing in 
the same form as in the original plant or  animal material, and, 
(2) all the decomposition products which would arise through 
any agency whatever from proteins; fats, lecithins, carbohydrates, 
alkaloids, terpenes and all other constituents of previous vegeta- 
tion or animal occupation. 

The above list comprises twenty-six samples from eleven 
States. From twenty-three of these soils pentosan was isolated. 
the other three had not been subjected to this examination. Two 
of these soils, however, indicate large amounts of pentosan to be 
present by the furfurol test, these two being the Marshall clay 
and the North Carolina peaty soil, as already i-eported. 3 It  
would appear, therefore, that pentosans are a general constituent 
of soil organic matter. 

Pentose sugars are found in eleven of the soils. The test 
for pentose sugars was not made in the earlier samples examined, 
but it was found in all samples in which a test was made. It  
would appear, therefore, that pentose sugars or pentose-contain- 
ing complexes, not pentosans, the chemistry of which will be re- 
ported on in later publications, are common constituents of soils. 

,Histidine is a primary decomposition product of protein 
material. Its occurrence in seventeen soils of the twenty-four 
examined for it indicates that this hexone base is a fairly com- 
mon constituent of soils and shows, therefore, that the protein 
cleavage in the soil is similar to that brought about by chemical 
or other action in laboratory investigations. That  histidine per- 
sists in the soil during and after  protein decomposition may be 
due to the fact that it is more resistant to change than other 
compounds of similar nature and origin. 

Arginine is a common cleavage product of protein, but has 
so far been found only in two soils and. is probably not a soil 
constituent which persists for any length of time. 

a Shorey and Lathrop, lour. Amer. Chem. Soc., xxxii, 168o (191o). 
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Cytosine is derived from the breaking down of nucleo- 
proteids and nucleic acids existing in all plant cells. The fact 
that it was found in ten soils out of twenty-three examined indi- 
cates that it may also be a rather common soil constituent and 
shows conclusively that the change of such constant complex 
plant constituents as nucleic acid progresses in the soil in the same 
manner as it does outside of the soil through chemical agencies 
better understood. 

Xanthine and hypoxanthine exist in plants as such and like 
cytosine also result from the cleavage of nucleic acids and 
nucleo-proteids. They further result from other purine bases, 
guanine and adenine. It is, therefore, not possible to state at 
this time the direct source of the xanthine compounds in soils. It 
is probable that their occurrence will be traced to all ,these sources. 
Out of the twenty-four soils examined for these purine com- 
pounds, five contained xanthine and nine contained hypoxanthine, 
thus showing that these purine bases will probably be frequently 
encountered in soil work of this character. Some of the soils 
contained xanthine only and some hypoxanthine only. Four of 
the soils contained both. Hypo:~anthine is more resistant to bac- 
terial action and this may explain its more frequent occurrence 
in the soils tested. 

Although agroceric acid, lignoceric acid, paraffinic acid, 
a-monohydroxystearic acid, as well as agrosterol, phytosterol, 
and hentriacontane are reported as having been found only once 
or twice in the above list of soils, no general statement covering 
their frequency or lack of frequency of occurrence is warranted. 

Eleven out of the twenty-six soil samples contained dihy- 
droxystearic acid; five of these, however, were from a single 
locality. An interesting fact which may prove to be important 
is that in only one case was dihydroxystearic acid found without 
either hypoxanthine or xanthine or bothbeing found at the same 
time. I n  seven of the samples it was accompanied by hypoxan- 
thine only, in two samples by hypoxanthine and xanthine and in 
one sample by xanthine only. 

Many other soil samples have been examined for dihydroxy- 
stearic acid in these laboratories. Over eighty soil samples com- 
prising soils from eighteen States, extending from Maine to 
Oregon and southward to Texas, of widely different origin, 
topography, texture, climate, drainage, and cropping, varying 
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from soils of the highest productivity to soils incapable of pro- 
ducing profitable crops were thus examined with the result that 
dihydroxystearic acid was quite frequently encountered. The 
details of  this investigation of soils for dihydroxystearic acid 
are reported elsewhere, 4 but for the sake of completeness, the 
general results should be here given. 

One-third of all the soils examined showed the presence of 
dihydroxystearic acid. It  was found in virgin soil as well as in 
soils under long cultivation; in soils continually cropped as well 
as in soils under permanent sod; in soils from the Atlantic 
coast; in soils from the Pacific coast; and in soils from the Gulf 
States. This compound is, therefore, a common soil constituent 
and is likely to be encountered in soils anywhere. Its formation 
or its accumulation is doubtless due to local conditions in any 
one section, but these local soil conditions are not confined to any 
region of the United States and probably not to any country or 
continent. The frequent occurrence of dihydroxystearic acid 
is of special interest and significance because of its known harm- 
ful properties to plants. 5 

When the soils examined are separated into good and poor 
soils, as based on field observations, their relationship with dihy- 
droxystearic acid is rather striking. Among the good soils only 
two contained dihydroxystearic acid and they were of only mod- 
erate productivity. Among the poor soils the ,percentage of 
those containing this compound was fifty-one. Of the soils 
which had a record for infertility, the dihydroxystearic acid 
was found in each and every case. 

'Bul. 80, Bureau of Soils, U. S. Dept. Agric. 1911. 
5 Some Effects of a I-Iarrnful Organic Soil Constituent, by Oswald 

Schreiner and J. J. Skinner, Bul. 70, Bureau of Soils, U. S. Dept. Agric_ 
(I9~o). 
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Soft-Toned Bells in China. Consul SAMUEL L. GRACE¥ in Daily 
Consular Report. (Brass World, vii, 2o3.)--The Chinese use large 
bells of their own make in many of their temples and monasteries. 
All through Japan and China the tone of these bells is very soft and 
smooth, due to the superior quality of the material used and to the 
absence of iron clappers. The bells are never swung, but are always 
suspended in a fixed frame, and are sounded by striking them on 
the outer edge with a wooden mallet. The result is a marvellous 
softness and mellowness of tone. 

Liege Metal. Consul BARTLEY F. Yos% in Daily Consular Re- 
port. (Bra,~s World, vii, 217.)--This " Li&ge Metal " is of special 
interest to aerial navigators both for "heavier than air " and 
"lighter than a i r"  craft. It is said to be 4o per cent. lighter 
than aluminum and has a density of 1.762. It is grayish-white in 
color, reflecting rays analogous to those of poorly worked aluminum. 
Its composition is: Magnesium 99.3 per cent., sodium o.21, zinc 
o.44, iron o.oI, and aluminum o.o4 per cent. 

Changes in the Velocity of Hydrat ion of Cement. P. Roll '  
LAND. (Z. Chem. Ind. Kolloide, viii, 25I.)--Electrolytes change 
the velocity of hydration, and the effect is greater when they are 
added in the dissolved than in the solid state, and is approximately 
proportional to the concentration. Sodium carbonate, aluminum 
chloride, and potassium monosulphide accelerate the velocity while 
potassium bichromate, borax and sulphates (except aluminum sul- 
phate and alum) retard it. The hardening process essentially con- 
sists in a coagulation of the hydrolytically separated hydroxides 
of silicon, aluminum and iron. 

Harmful Influence of Sulphate from Commercial Salt on Fir- 
ing of Stoneware. M. SCHMIDT. (Sprechsa~l., xliv, 264.)--The 
commercial salt used in salt glazing usually contains sulphates, 
which spoil the appearance of the finished ware, especially in an 
oxidizing atmosphere. The thin layer of salt-glaze becomes satur- 
ated with sulphates, which are either displaced by the silica of the 
body with evolution of gas and consequent bubbling of the surface, 
or else a separation of "galls " occurs. Sulphates are especially 
harmful, if salting begins before a full fire. The best way to avoid 
their action is to keep a reducing atmosphere in the kilns, till the 
last stage, when the fires are cleaned and air let through the grates. 
This reduces and eliminates the sulphates before the kiln reaches 
its highest temperature. But there is a risk of sacrificing the 
color of the body from the incomplete oxidation of the iron salts. 
The undecomposed sulphates are deposited on the walls of the 
kiln, take up water and percolate into the firebrick, where they 
separate out again and destroy the kiln. Sodium sulphate is more 
destructive than calcium sulphate. 


